The native L-serine deaminase (L-serine hydrolyase, deaminating, EC 4.2.1.13) of Escherichia coli K-12, which seems to be a very labile protein, is rather stable in concentrated solution. Dilution rapidly inactivates it, but in the presence of a saturating concentration of L-serine the molecule is protected from inactivation. It is a very specific enzyme; L-serine is the sole substrate with a Km value of 6.60 x 10-3 M. D-Serine and L-cysteine are competitive inhibitors. Substrate saturation curves of the native enzyme show sigmoid shape, whereas the enzyme liberated from the bacteria in the presence of L-serine exhibits normal Michaelis-Menten kinetics.
The enzymatic, nonoxidative deamination of serine to pyruvate and ammonia by microorganisms has been known since 1938 (5) . Early studies with partially purified enzymes from Escherichia coli and from Neurospora crassa showed that there is at least one L-serine-L-threonine deaminase (13, 14) , and one D-serine-D-threonine deaminase (8) in these microorganisms. Later, Boyd and Lichstein (3) and Pardee and Prestidge (11) demonstrated, on the basis of the effect of various growth conditions upon the relative rates of deamination of L-serine and L-threonine, that the L-serine and L-threonine deaminases of E. coli are different enzymes. The latter experiments (11) revealed that the L-serine deaminase of E. coli is an inducible enzyme, which upon removal of inducer disappears rapidly from the bacterial cell. The characteristics of this L-serine-specific deaminase of E. coli are even now scarcely known.
We report here an enzymological study of the native L-serine deaminase (L-serine hydrolyase, deaminating, EC 4.2.1.13) of the bacterial strain E. coli K-12.
MATERIALS AND METHODS
Bacterial strain. The wild-type strain E. coli K-12 was received from G. S. Stent of the University of California.
Growth conditions. The culture medium contained 2.0 g of ammonium chloride, 14 .0 g of K2HP04, 6 .0 g of NaH2PO4, 8 .0 g of NaCl, 0.25 g of MgSO4 7H20, 10 .0 g of Bacto-Tryptone (Difco), 1 .0 g of Bacto-Yeast (Difco), and 4.0 g of glucose in 1.0 liter of distilled water (pH 7.5). Bacteria grown in this medium were optimally induced for the production of L-serine deaminase and repressed for L-threonine deaminase.
Enzyme preparation. Liquid media (200 ml) in 1,000-ml Erlenmeyer flasks were inoculated with a single colony of the bacterial strain. After cultivation for 16 hr (overnight culture) in a 37 C incubator, the cultures containing bacteria in the late exponential growth phase were centrifuged and washed with 0.04 M potassium phosphate buffer (pH 7.5) The pellet was resuspended in 2. due to a diminution of protein concentration in general, but due to the dilution of the enzyme protein specifically.
The rate and the final level of spontaneous inactivation of the enzyme were proportionate to the dilution ( Fig. 2) , demonstrating a dissociation equilibrium of the molecule. Nevertheless, the enzyme was sufficiently stable for assay even in diluted state at saturating substrate concentrations. The enzymatic activity of the bacterial extracts was found to be proportional to the assay time up to 10 min, irrespective of the low concentrations of the enzyme present in the assay tubes (Fig. 3 ). Had the enzyme been inactivated during these assays, hyperbolas would have been obtained instead of the straight lines. 
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FiG. 1 . Inactivation of the L-serine deaminase in diluted state. Bacteria containing 16.7 mg ofprotein/ml were sonically disrupted in 0.2 m potassium phosphate bufter (pH 7.5; A) and in the same buffer containing 80 umoles of L-serine/ml (B), or 250 umoles ofD-serine/ml (C). The enzyme preparations were incubated in a 30 C water bath after sonic treatment of the bacteria. At 0, 30, and 60 min, 0.1 ml was pipetted from each suspension into 3.9 ml of0.2 m phosphate buffer (pH 7.5) at 30 C. From these dilutions containing 417.5 pg ofprotein/ml, 0.1 ml was pipetted immediately, and thenr equal amounts at 1-min intervals for 5-min, into assay tubes. Taking into consideration the extreme lability of the free enzyme in diluted state, the enzyme was always pipetted into assay tubes immediately after dilution, and in no case was it kept diluted longer than 30 sec.
At the protein concentrations of our assays, the L-serine deaminase proved to be a very specific enzyme. L-Serine was the only substrate for it, and none of the other 19 L-amino acids, or Dserine, D-threonine, ethanolamine, or DL-homoserine was found to be active. The addition of cofactors (adenosine triphosphate, nicotinamide adenine dinucleotide, pyridoxal phosphate, glutathione, or vitamin B12) neither stimulated the enzymatic activity nor protected the diluted enzyme from inactivation. Optimal pH value for the activity of the enzyme was between 8.0 and 9.0 (Fig. 4) .
The substrate saturation curve of the enzyme exhibited a typically sigmoid character (Fig. 5A) . When the data of such a saturation curve were plotted on a double reciprocal plot, the variation of initial rate of serine deamination, as a function of the concentration of substrate, did not follow simple Michaelis-Menten kinetics. The curve diverged considerably from a straight line and approximated a parabola (Fig. SB) . However, when one considered only the data obtained at high substrate concentrations and plotted these by the method of Lineweaver and Burk, a straight line was obtained, allowing the determination of a Km value of 6.60 x 1O-' M for L-serine (Fig. 5C) .
The sigmoid character of the saturation curves clearly required further investigation. Considering the lability of the enzyme, one of the simplest explanations would be that a spontaneous inactivation of the enzyme occurs in parallel with the enzyme action at low substrate concentrations. In fact, inactivation of the enzyme was substantiated by the experiment shown in Fig. 6 . Despite this, however, the reaction velocity at this low substrate concentration was constant during the 8-min assay (Fig. 6 ). This rather unexpected result, which will be discussed further, indicated that the anomaly of the saturation curve cannot be explained by the inactivation of the enzyme alone.
Another possible origin of the sigmoid saturation curve could be an activation of the enzyme by its substrate (9) . Indeed, the kinetic properties of the enzyme, liberated from the bacteria in the presence of L-serine by sonic treatment, proved to be significantly different from those of the nonprotected enzyme. The substrate saturation curve was a hyperbola and the reaction kinetics obeyed the classical Michaelis-Menten equation (Fig.  7A) . The data, even at low substrate concentrations, could be plotted as a straight line, giving a Km value of 6.60 X l0-8 M for L-serine (Fig. 7B) .
Nevertheless, detailed analysis of the experimental data revealed that normalization of the kinetics could not have originated from an activation of the enzyme by L-serine present at the sonictreatment of bacteria. Thus, with nonprotected enzyme regular Michaelis-Menten kinetics of deamination were observed at L-serine concentrations higher than 13.3 ,moles per 73 ,ug of protein (Fig. SC) . Therefore, this quantity of Lserine could be considered the lowest activating concentration. In the experiment demonstrated by Fig. 7 , the protein concentration at the time of sonic treatment was 10,000 MAg/ml, and 80 ,umoles of L-serine/ml was present (i.e., 0.58 ,moles of L-serine/73 ,ug of protein). This is 23 times less L-serine than would have been needed for the activation of the enzyme. Furthermore, had the normalization of kinetics really been due to an According to the second hypothesis, the native L-serine deaminase is associated with some unknown protective molecule or structure which stabilizes it. Without such stabilization, the enzyme molecule is in an extremely labile conformational state and is readily inactivated. Upon ultrasonic disruption of the bacteria, a fraction of the enzyme is detached from its protected state. Similarly, such a dissociation is the origin of the rapid inactivation of the enzyme in dilute solution. The dissociated enzyme can not be reassociated in vitro, but it can be protected from inactivation by L-or D-serine.
The experimental data are compatible with both serine (6) . The enzyme isolated from the liver of rats by Nagabhushanan and Greenberg (10) seemed to be a single homogeneous protein which deaminated L-serine and L-threonine, and which also exhibited a cystathione synthetase activity. L-Serine deaminases of animal origin are clear-cut pyridoxal phosphate enzymes. They can withstand extraction and concentration procedures.
The enzymes of microbial origin seem to have a labile structure; they are readily inactivated and have not yet been successfully purified. The enzyme of E. coli K-12 was so labile in our experiments that dilution rapidly inactivated it. For the interpretation of this extreme lability, we would propose two alternative explanations.
The first hypothesis assumes that the L-serine deaminase of E. coli K-12 is a polymer molecule built from subunits and that dissociation irreversibly inactivates it. Sonic treatment and dilution favor the dissociation. Both L-serine and D-serine protect the polymer state; however, they are not able to reassociate the dissociated molecule. . Kinetics ofL-serine deamination and inactivation of the L-serine deaminase at a low substrate concentration. Bacteria were sonically disrupted in 0.2 M potassium phosphate buffer (pH 7.5). From an appropriate dilution, 2.0 ml was pipetted into an 18-ml assay mixture, preheated to 30 C, and thoroughly mixed. L-Serine concentration was 2.5 ,umoles/ml; protein, 43 ,ug/ml. From this assay flask, at the intervals shown by the graph, 1.0-ml quantities were pipetted into 1.0 ml of 2-4-dinitrophenylhydrazine solution in order to stop the reaction (0), and into 0.1-ml solutions containing 40 ,umoles of L-serine. In the latter tubes, the enzyme reaction was stopped only after 10 min offurther incubation at 30 C (0). hypotheses, and further experiments are needed to verify which is the correct one.
We made several attempts to purify the Lserine deaminase of E. coli K-12 under the protection of L-or D-serine. Although saturating concentrations of L-or D-serine protected the enzyme from spoiltaneous inactivation at low enzyme concentrations, this was not sufficient to protect the enzyme during the usual purification procedures.
There is very little data on the kinetic behavior of the bacterial L-serine deaminase. The enzyme of C. acidiurici exhibited strictly Michaelis-Menten kinetics with a Km value of 2.40 X 10-3 M for Lserine, and D-serine decreased the rate of L-serine deamination. L-Threonine and L-cysteine were neither deaminated by this enzyme nor did they affect the activity toward L-serine (2) . The kinetics of deamination of L-serine by the enzyme of S. rimosus also gave regular Michaelis-Menten kinetics with L-serine, and D-serine was a competitive inhibitor (12) . In both cases, partially purified enzymes were used.
The L-serine saturation curve of the native enzyme from Arthrobacter globiformis had a markedly sigmoid shape, and it was concluded that this enzyme is activated by its substrate (3a) . The L-serine saturation curve of the E. coli K-12 native L-serine deaminase also exhibited sigmoid shape, but our experiments indicated that this enzyme probably is not activated by its substrate. The further possibility that the sigmoid saturation curve resulted from an inactivation of the enzyme at low substrate concentrations was also examined, but the results were conflictive. Rapid inactivation of the enzyme under these conditions could be clearly demonstrated when the enzyme was challenged with a high concentration of substrate, but the rate of enzymatic activity measured at this low substrate concentration was constant for at least 8 min. This unexpected behavior of the enzyme has been quite reproducible, nevertheless, and it can also be obtained over a wide range of substrate and enzyme concentrations despite the concomitant inactivation of the enzyme. The sigmoid saturation curve cannot be explained, therefore, simply on the basis of the inactivation of the enzyme alone. The apparently contradictory behavior of the enzyme at low substrate concentrations cannot satisfactorily be interpreted, and further experiments will be required to resolve this problem.
